Introduction
Diabetes is a multifactorial disease that involves complex interactions between genes, environment, and health behavior. In 2006, the prevalence of clinically diagnosed diabetes reached almost 23 million people, or 7.5% of the US population (1) . In 2005, the prevalence of self-reported diabetes among Oregonians was 6.7% of the adult population, an increase from 6.0% in 2003 and 4.0% in 1995 (1) . At any given time, 30% of people with diabetes have not received a diagnosis (2) .
Given the growing rate of diabetes and its far-reaching societal and economic consequences, prevention of diabetes among people at high risk is a public health issue of
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clinical importance. Identification of people at high risk is particularly important; strong evidence shows that the onset of type 2 diabetes can be reduced as much as 58% by moderate weight loss and healthy behaviors such as engaging in regular physical activity (3, 4) .
Genomics, which assesses the interaction of all of the genes in the genome with behavioral and environmental factors, offers potential for personalized prevention and treatment. Family history, which captures these genomic interactions, is considered clinically useful in the absence of genetic testing to identify people at high risk (5) . A family history of diabetes is independently and significantly associated with the development of diabetes itself, even after adjusting for other risk factors (6) . In general, a family history of diabetes in a first-degree relative doubles a person's risk of developing diabetes (5, 7, 8) . People whose parents both have diabetes are 2 to 4 times as likely as people whose parents do not have the disease to develop diabetes themselves (9) . The use of family history to identify people at increased risk for diabetes and perhaps motivate them to make preventive lifestyle changes could favorably affect both clinical practice and patient behavior.
The purpose of this study was to evaluate, among patients without diabetes, associations between family history of diabetes and patients' reports of health care provider practices, patients' perceived risk of developing diabetes, and patients' behaviors associated with diabetes.
Methods
Data from the 2005 Oregon Behavioral Risk Factor Surveillance System (BRFSS), a state-based, randomdigit−dialed telephone survey of health conditions and risk behaviors of the noninstitutionalized population aged 18 years or older, were used to estimate family history of diabetes, perception of diabetes risk, and behaviors associated with diabetes risk. Data were weighted by age, sex, and race/ethnicity to better reflect the demographic characteristics of Oregonians. More information about the Oregon BRFSS is available elsewhere (10) . The Oregon Department of Human Services (DHS) deemed this project, which uses de-identified BRFSS data, to be exempt from institutional review.
Survey measures
All respondents were asked, "Have you ever been told by a doctor that you have diabetes?" Respondents without diabetes were asked, "Do you have a parent, brother or sister, or child related by blood, who has been diagnosed with diabetes by a health care provider?" (Respondents were instructed not to include relatives who had diabetes only during pregnancy.) If they responded yes, they were asked to report the number of first-degree relatives with diabetes.
We classified respondents into average, moderate, or strong familial risk groups on the basis of the following factors (8): 1) average: no first-degree relatives with diabetes or adopted with unknown family history status of blood relatives; 2) moderate: 1 first-degree relative with diabetes; and 3) strong: at least 2 first-degree relatives with diabetes.
Respondents without diabetes were asked, "Has a doctor, nurse, or other health care provider ever discussed the chance of you getting diabetes?" "Has a health care provider ever recommended changes in diet or exercise to reduce your chances of getting diabetes or other illnesses like heart disease, stroke, or cancer?" "How worried are you that you will get diabetes in the future?" and "Have you made changes in your diet or exercise to reduce your chance of getting diabetes or other diseases like heart disease, stroke, or cancer?" Only respondents without diabetes who reported that their health care provider asked them, in general, about their family history of health problems were then asked, "Has a doctor, nurse, or other health care provider asked you about your family history of diabetes?"
Covariates
Covariates, which may affect the association between family history and provider practice and patient behavior, include self-reported information on age, sex, education level, annual household income, race and ethnicity, physical activity level, obesity, diabetes, fruit and vegetable consumption, hypertension, cholesterol level, history of cholesterol screening, smoking status, insurance status, perceived health status, and having a personal doctor or health care provider. Respondents were considered to be of low socioeconomic status if household income was at or below 100% of federal poverty guidelines or if they had not completed high school. Respondents were categorized into the following physical activity levels on the basis of 
Data analysis
Pearson χ 2 tests were used to detect differences in population attributes, patients' reports on provider practices, and selected behaviors among the 3 familial risk groups. Logistic regression was used to assess the association between family history and patients' reports of provider practices, perceived risk of diabetes, and selected behaviors. In the adjusted logistic regression models, only covariates that changed the point estimate of the odds ratio (OR) by at least 10% (compared with the full model) were kept in the final models. Interaction terms were included in the logistic regression models only if they were significantly associated with the outcome variables (P < .05).
All analyses were performed by using Stata version 9.2 (StataCorp LP, College Station, Texas), and the Taylor series linearization method was used to compute the variance of survey estimates in accordance with the complex sample design. Sample sizes (number of survey respondents) were reported as unweighted numbers.
Results
The response rate for the Family History Section of the Oregon BRFSS was 52% or 6,688 survey respondents. Of the 6,688 respondents, we excluded 525 respondents who were told by a doctor that they had diabetes and 124 respondents with missing or unknown information regarding the number of family members with diabetes. A total of 6,039 respondents without diabetes were included in this analysis.
Among respondents without diabetes, approximately 27% had a family history of diabetes. Of these, 16.1% had 1 first-degree relative with diabetes (moderate familial risk), and 11.3% had 2 or more first-degree relatives with diabetes, indicating a strong familial risk. This translates into approximately 1 in 6 Oregonians without diabetes at moderate familial risk and 1 in 9 Oregonians without diabetes at strong familial risk for diabetes.
Younger people (aged 18 to 44 years) tended to be at average familial risk of diabetes compared with older people (aged 45 or older), which underscores the strong association of chronic diseases with increased age; a positive family history of chronic disease has a similar association. More women were at strong or moderate familial risk than were men. Latinos and people of a race other than white or Latino were more heavily represented in the strong risk category than were non-Latino whites. More obese people were at strong familial risk for diabetes (16.5%) than were nonobese people (9.5%) ( Table 1 ).
More respondents who reported making lifestyle changes in their diet or exercise to reduce the chance of developing diabetes or other conditions were at strong or moderate familial risk of diabetes than were respondents who did not report making these lifestyle changes. Similarly, more respondents who reported that they were trying to lose weight were at strong or moderate familial risk compared with those who were not trying to lose weight. More respondents who reported having their cholesterol screened were at strong or moderate familial risk for developing diabetes than were respondents who did not have their cholesterol checked ( Table 2) .
Adjusted logistic regression analyses revealed that, compared with respondents at average risk of diabetes, respondents at strong or moderate familial risk were more likely to report that their health care provider collected information about family history of diabetes, discussed the risk of developing diabetes or other chronic conditions, and recommended lifestyle changes in diet or exercise to
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reduce the chance of developing diabetes or other chronic conditions. The magnitude of the OR was directly associated with familial risk (Table 3) .
Respondents with a strong family history of diabetes were 5 times more likely to be very or somewhat worried about developing diabetes than respondents without a strong family history (OR, 5.0; 95% confidence interval [CI], 4.0-6.2). A family history of diabetes was associated with some protective behaviors but also with some conditions that place respondents at higher risk for developing the condition. Compared with respondents without a family history of diabetes, respondents with a strong or moderate family history of the disease were more likely to report making lifestyle changes in their diet or physical activity and more likely to report they were trying to lose weight. Respondents with a moderate family history were more likely to have their cholesterol screened than were respondents without a moderate family history (Table 3) . However, respondents with a strong family history were twice as likely to be obese compared with people without a family history (OR, 1.9; 95% CI, 1.5-2.3). Family history was not a predictor of increased physical activity or fruit and vegetable consumption in these adjusted models.
Discussion
Our study demonstrated that family history of diabetes is associated with a higher likelihood of patients' reporting that health care providers collect their family history information, discuss with them the risk of diabetes, and encourage them to make lifestyle changes to reduce the chance of developing diabetes. In addition, we found an association between family history and respondents' efforts to reduce their risk of developing diabetes. In contrast, a chart review of 516 patients without diabetes found no difference in primary health care providers' counseling rates for diet and physical activity or cholesterol testing based on patients' family history, although there was an association between familial risk and glucose testing (12) . These differences in findings may be related to both provider documentation and patient-recall bias; our study was based on data from a self-reported population-based survey, whereas data in the other study were derived from medical records.
Perceived risk and behavior change
Consistent with our results, other studies have found that people with a family history of diabetes consider themselves to be at greater risk of developing diabetes than do people without a family history (13) . Unfortunately, the link between increased risk perception and making behavior change is complex. Findings from other studies exploring the relationship between perceived risk of developing diabetes and behavior change are inconsistent (14) . Some research suggests that people with a family history of diabetes perceive themselves to be at risk and engage in health-promoting behaviors, such as weight control and fruit and vegetable consumption, to decrease the risk of developing diabetes themselves (15) . Conversely, another study found that increased perceived familial risk does not necessarily translate into motivation to change behavior, and some people may even adopt a fatalistic outlook (16).
Our study revealed that family history is associated with reported lifestyle changes that can reduce diabetes risk. People with a family history were more likely to report trying to lose weight than were people without a family history, although mean BMI scores did not vary according to family history status. People with a family history of diabetes were no more likely to meet CDC physical activity recommendations or to eat more fruits and vegetables than were people without a family history of diabetes. This finding could indicate that people with a family history of diabetes are changing their behavior in small increments but not enough to meet current physical activity or nutrition recommendations (17) . Although we cannot confirm this theory from our cross-sectional BRFSS data, another possibility is that people with a family history of diabetes had worse baseline physical activity and nutrition levels than did those without a family history and that those with a family history have, in theory, over time made positive lifestyle changes but are not meeting national guidelines for these activities. In the same vein, people with a family history of diabetes may be making other behavior changes that we did not account for in our analyses. For example, people with a family history may be more likely to take a multivitamin or to try a fad diet than people without a family history, and neither of these behaviors was captured in our analyses. It also appeared that people with a family history are making positive behavior changes other than changes in diet and exercise. For example, in the Oregon BRFSS data, smokers with a family history of diabetes were more likely to report having stopped smoking for at least 1 day during the past year than were those without a family history (58.7% vs 50.4%, P = .03). In sum, the reasons that motivate particular people to
change their behavior are multifaceted; family history is one of many factors, which under particular circumstances may influence people at high risk to engage in healthy, potentially protective behaviors.
The importance of respondents' stated readiness to make healthy lifestyle changes should not be dismissed. Successful weight management and a pattern of regular, sustained physical activity are often difficult to achieve. According to the Transtheoretical Model of behavior change, customizing interventions according to people's willingness to change can help health care providers use therapeutic resources more effectively and successfully (18, 19) . Numerous studies of structured interventions promoting moderate calorie restriction and regular physical activity have demonstrated the ability of people at high risk to achieve and sustain weight loss for up to 60 months (20) . However, these interventions take time, willingness, and resources to be successful. Family history of diabetes, a potential motivating factor, may increase receptiveness to glucose screening and protective lifestyle changes among those who are predisposed to diabetes. Screening for glycemic control in this population could help identify people with prediabetes or undiagnosed diabetes who would be receptive to and could benefit from structured, evidence-based weight management and physical activity programs. Indeed, such screening is already recommended for persons with a family history of diabetes and a BMI >25 kg/m 2 in the American Diabetes Association (ADA) Standards of Medical Care (21) . Interventions that incorporate effective family history messages could motivate people at high risk to pursue and sustain healthy lifestyle changes. More research and resources targeting people who have a high familial and perceived risk but are not meeting lifestyle recommendations would be extremely useful in creating effective interventions for these highrisk populations, especially given our finding that people at high familial risk were almost twice as likely to be obese as were those in the average risk group.
Behavior change is influenced by a multitude of factors including perceived risk, self-efficacy (a person's assessment of ability to change behavior), social support (including support of health care providers), and environmental influences (eg, access to safe, pleasant areas for physical activity). The socioecological model asserts that effective interventions leading to healthy behaviors include a combination of efforts at all levels -individual, interpersonal, organizational, community, and public policy (22, 23) . To successfully incorporate awareness of family history into health promotion efforts, it must be combined with other tools that effectively initiate behavior change, and in turn reduce risks and improve individual health outcomes (16) .
Limitations
Several limitations should be considered when interpreting these findings. First, the stratification of familial risk of diabetes was loosely based on other established algorithms, but these algorithms have not been validated on a population-wide scale. Also, unlike the gold-standard algorithms for family history risk stratification, the risk categorization in our analysis did not account for seconddegree relatives or size of the family (8, 24) . Although our analysis focused on Oregonians without diagnosed diabetes, the distribution of familial risk in our study sample was comparable to that in a recent national random survey, which also stratified the entire population by 3 risk levels for diabetes (6) . We were unable to stratify the study sample by racial and ethnic groups besides non-Latino whites, Latinos, and other races because of small cell sizes. Causal associations cannot be drawn from this cross-sectional study, and because survey data were self-reported, they are subject to recall bias. However, self-reported information about diabetes, demographics, smoking status, and physical activity has been shown to be accurate, whereas BMI is likely to be underestimated (25) . Also, having a family history of diabetes could influence how people perceive and remember their interactions with their health care providers. For example, people with a family history of diabetes may be more likely to recall that a provider collects family history information, discusses risk, and makes recommendations, whereas people without a family history may be more likely to forget these discussions. Lastly, this study does not distinguish between type 1 and type 2 diabetes, and family history and lifestyle factors have different effects on these conditions. However, this lack of distinction probably did not affect the results of our study because only 5% to 10% of all people with diabetes have type 1 (26) .
Risk stratification and targeting interventions
Our findings strengthen the evidence that collection and use of family history information is a useful genomics tool to prevent or delay the onset of diabetes in asymptomatic, at-risk populations among whom diabetes
can be potentially prevented or delayed (7, 8) . In a recent study in Oregon, Kaiser Permanente clinicians reported that family history would be most useful to them if it were incorporated into algorithms and tools they already use to make clinical care decisions. Clinicians reported that they do not use family history information in isolation in their practices but that they adopt a holistic approach and use family history in conjunction with other factors to assess risk (27) .
Incorporating family history information into diabetes risk assessment is a strategy that could help identify people who would benefit from diabetes prevention interventions and who are more likely to be receptive to such interventions. Most people can accurately report their family health history and believe it is important for their own health, which lends support to this strategy (27) (28) (29) (30) . Targeting asymptomatic people who are at risk for developing diabetes, on the basis of a combination of factors such as family history, BMI, and age, is likely to be an effective approach to limit the impact of diabetes on a population scale. Our findings warrant other studies, which could evaluate whether the ADA guidelines on screening for diabetes are actually being implemented in clinical settings. Such studies would serve as a crucial background piece for future provider and patient education and outreach efforts. Although more prospective studies are needed, various behavioral change theories support the hypothesis that people who are at highest risk are most likely to be receptive to adopting health interventions, such as healthy eating and physical activity behaviors (31) .
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